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ABSTRACT 

We describe the status of the design of the tagged photon facility 

at NAL as of the end of May, 1972. A series of modifications has been 

made to the design reported earlier by a working group of physicists 

interested in the facility. The front end of the beam has been redesigned 

to include the primary beam dump and target within a single shielded target 

box. The first set of bending magnets have been moved into East Enclosure 1. 

The beam has been made more completely achromatic at the final focus and 

its acceptance increased slightly. Focussing criteria in the second stage 

to meet the requirements of Experiment 25 have been determined. The use 

of sextupoles to reduce second order terms has been analyzed. The effect 

of these changes (particularly the first) on beam contamination has been 

carefully studied and it is concluded that the beam will not be hurt 

by them. 
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I. INTRODUCTION 

This note updates the design of a tagged photon beam at NAL 

which was published by a working gr'oup representing all proposed 

NAL experiments which require a tagged photon beam. 132 Major and 

minor modifications of the beam design of the working group report 

were necessary in three areas. Two of these involved restrictions 

imposed by the facilities of the Proton Laboratory. The third and 

most minor area of modification was required to meet the experimental 

requirements on beam size for Experiment 25. 

In the following, we will discuss these modifications and outline 

the NAL design of the beam as it stands at this point in time. Details 

of the beam, a schematic drawing and parameter list, may be found in 

Fig. 1. 

II. THE TARGET BOX AND THE PROTON DUMP 

Handling of radioactive targets in P-East will follow a basic 

philosophy that has been worked out for the Proton Laboratory. Targets, 

dumps and portions of the beam front ends for all P-East experiments 

will sit on movable drawers that slide in and out of a ho-foot long, 

a Operated by Universities Research Association Inc. Under Contract with the United States Atomic Energy Commission 
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heavily shielded target box. These drawers may be removed without 

exposing personnel to radiation by sliding them into a shielded coffin 

like transporter which can remove one drawer at a time. The system 

has been designed by Dave Eartly. 

The three experiments will be accomodated by use of a splitting 

magnet located about 80-feet upstream of the targets. When either 

experiment 87 or 100 are running the proton beam will be bent 6.4 mrad 

east. When the tagged photon beam is in operation the protons will 

be bent 6.4 mrad west. The 12.8 mrad split corresponds to about a 

foot separation in the region of the targets. Fig. 2 is a preliminary 

design drawing showing the location of elements for the three experiments 

within the target box. Fig. 3 shows schematically a side view of the 

front end of the tagged photon beam. 

In the original designs of the tagged photon beam it was assumed 

that the proton beam dump would be located beyond the first quads and 

that, other than the radiator and the walls of the sweeping magnets, 

there would be no scattering sources between the primary target and 

the quads. Location of the dump so far from the target causes a number 

of serious radiation problems. These include the shielding and handling 

of an intense 500-GeV proton beam crossing through the thin roofed 

Proton East Enclosure (EEl) as well as the difficulties associated 

with having a second hot handling location in the east area of the 

Proton Lab. For these reasons, unless the future success of the 

tagged photon beam facility is seriously endangered, the proton dump 

should be located as close as possible to the primary target and be 

contained within the target box. We have considered in some detail 

the effect of this new design of the beam front end and conclude from 
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these considerations that the beam will not be compromised if certain 

precautions are taken. Summarized below are the results of these 

calculations. Details are available if requested. 

a> Muon Flux at the Experimental Area. 

The vertical bending of the sweeping magnets splits the 

muon distribution into two separated lobes. The magnets 

dump the positive proton beam down so that positive muons 

are found in the lower lobe and negative muons in the upper 

lobe. The degree of splitting is, of course, determined 

by the strength of the dumping magnets, and the more splitting 

the cleaner the experimental area which is located between 

the lobes, 1000 feet downstream. The bending power of the 

dumping magnets is about 450 kg-ft. Because of the space 

lim itations within the target box this is about 40% lower 

than in the earlier designs of this facility. It is therefore 

an obvious worry that the muon fluxes at the experimental 

area will be higher than before. 

We have checked to see how serious this problem becomes 

by running the same Monte Carlo program that was used before' 

to estimate the muon fluxes taking into account the field 

and shielding of the new front end. The results confirm 

that the splitting of the lobes is somewhat reduced but 

muon fluxes at the experiments even with 10 13 500-GeV protons 

incident/set are still two or more orders of magnitude below 

the most stringent requirement of lo4 muons/m2 sec. 

Since more r+ are produced than rr- the lower lobe will 

be more intense than the upper. It is therefore obviously 
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b) 

prudent to have the tagging system bend up rather than down. 

To protect against the eventuality that these calculations 

turn out to have been optimistic, we will take the precaution 

of leaving space to locate "muon spoiler" magnets between 

the target box and the standard radiator location 75 feet 

from the target. With these the effective splitting power 

of the front end with respect to muons can be raised to their 

former value. 

Even though the dump is located nearer the target, muons 

emanating from this source are still less of a problem than 

those coming from the target. This results from the facts 

that less than half as many protons interact in the dump, 

the protons are heading 9-10 mrad down and away from the 

beam line, and relatively more pions interact in the dump 

before they decay than do in the target. 

The Dump as a Source of Beam Contamination 

With the dump located inside the target box, the radiator 

(at its standard location 75 feet from the target) now follows 

instead of precedes the,:dump. One must consider, therefore, 

how serious a source of hadronic contamination the dump is, 

both in terms of particles multiply scattering through the 

dump material and in terms of particles bouncing down the 

walls of the collimator that passes the photon beam through 

the dump. 

Between 20 and 25 interaction lengths of dump material 

will be contained within the target box. Additional material 

will be added following the target box to make at least 

30 interaction lengths. About 20 feet of collimators used 
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by the untagged photon beam (Exp. 87) can be shifted to this 

beam between the target box and radiator to add more shielding. 

However, it is possible that this material would have an 

adverse effect on the muon flux at the experimental area 

by scattering muons out of the lobes into the experiment. 

The Monte Carlo calculation indicates that this most likely 

will not be a significant effect. At any rate, assuming 

30 interaction lengths the attenuation of hadrons is e -3o_ 10-y 

so that even with 10 13 500-GeV protons and a 50-GeV beam 

we cannot expect more than a few hadrons to go all the way 

through the dump not considering even whether they head 

for the beam. 

The likelihood of a hadron produced in the dump (about 

2.5" below the photon beam) rescattering in the walls of 

the dump collimator and coming out headed for the beam is 

very low. Two scatters are required and if the particle 

is not to go through many interaction lengths of material 

the scattering angle is very large. For example, if the 

path in the dump is 1 interaction length, the production 

angle is of the order of 200 mrad. At lOO-GeV, PL = 20-GeV/c 

for both scatters. Everything that is presently known about 

hadronic scattering indicates that cross sections fall 

very rapidly for large P 6' More detailed arguments using 

the Hagedorn Ranft model or the experimentally measured P_;. 

distribution show that the hadronic contamination from sources 

of this type is indeed low. 

Even though any contamination we can think of resulting 
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from locating the radiator behind the dump is very small, 

at relatively little expense we can provide an alternate 

location for the radiator in front of the dump. A remote 

target handler will be located 28-feet from the target 

immediately after the sweeping magnets. If the contamination 

turns out to be serious after all, we will have the option 

of changing the topology of the beam front end with very 

little effort. 

The shorter distance between target and radiator has 

both advantages and disadvantages. Shortening this distance 

has the effect of shrinking both the pion and electron 

apparent spot sizes (see Ref. 1). This will make the spot 

size at the experimental area smaller, a significant advantage 

from the standpoint of Experiment 25. It will also strongly 

reduce any beam losses in second stage magnets which might 

lead to worrisome halo problems. On the other hand, it 

will be a little harder to collimate and discriminate against 

pions to reduce the T/e ratio. TRANSPORT and Monte Carlo 

calculations indicate that this will amount to a 15% worsening 

of the T/e ratio. 

We have investigated sources of contamination with the 

radiator at 28-feet. The neutron induced pion rate is the 

same as before. A new factor is the possibility that protons 

and pions of both charges produced at certain angles may be 

swept away from the dump by the sweeping magnets and into 

the radiator where they may rescatter into the beam. The 

scattering angles involved here are 2 10 mrad (the dumping 

angle) so that Pk is not as large as in the case we considered 
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earlier. Making use of the experimental P$_distribution 

(assumed valid out to at least 2-GeV/c) and the Hagedorn 

Ranft production distributions of hadrons in the primary 

target, we have been able to do a hand calculation integrating 

over the production angle. Taking into account a Monte 

Carlo calculation that shows that the beam rejects (to better 

than 100 to 1) rays with apparent source locations greater 

than .25 inches, we find that in the worst case (500-GeV 

protons, 50-GeV beam) the pions resulting from this cause 

are < 10 -6 of the expected e- yield. 

In sum, a target handler for the radiator at 28-feet 

will be a valuable flexibility to include inside the target 

box. 

cl Primary Target Hadrons That Interact in the Walls of the 

Dump Collimator. 

The problem of charged pions swept into the walls of the 

collimator by the sweeping magnets is very similar to that 

considered earlier. The result of detailed calculation is 

that the contribution from this source to the pion component 

of the beam is also safely less than 10 -6 of the electron 

intensity. 

Potentially more serious are neutrons interacting in 

the collimator walls and producing F- just as in the radiator. 

The resulting pion intensities are equal or larger than those 

from the radiator until one takes into account the fact that 

the resulting pions appear to come from a source outside the 

acceptance of the beam. If all obstructions are kept outside 
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a region where scatters toward the beam appear to come 

from sources small enough to be accepted, this effect is 

reduced by at least 100. Using the Monte Carlo and TRANSPORT 

determinations of the beam source and angular acceptance 

at the 1% level we have determined the following envelope 

which will be obstruction free: 

IYI < .25 + 5 x 10 -4 z inches 

I4 < .4 + 1.3 x low3 z inches 

Here z is the distance from the target, x is the horizontal 

coordinate, and y the vertical. 

Even outside this limit all surfaces will be lined with 

a smooth short interaction length material. The smoothness 

prevents particles from striking a source long enough to 

produce many secondaries and not long enough to attenuate 

the secondaries. 

In conclusion, it appears that with reasonable care and 

flexibility this beam will not be hurt by the new front end 

design. In some cases there will be benefit. 

III. MODIFICATIONS TO THE BEAM OPTICS: MOVING THE BENDING MAGNETS 

The location of the primary target for the tagged photon beam is 

determined by the location of the shielded target box which in turn is 

located near the center of the Proton East Target Hall in order to 

provide a long enough lever arm to focus and split the external proton 

beam. The target location in turn determines where the photon beam 

transport magnets will be. In particular, the bank of bending magnets 

in the first stage of the working group design would lie in a no-man's 

land between the end of East Enclosure 1 and the not-yet-constructed 
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pit for Experiment 87 (EE4). These magnets were positioned in the optics 

as they were because their vertical aperture (1.5-in) limits the beam 

acceptance. The preceding quadrupole doublet focusses the beam so that 

as one moves back towards the quads the beam size increases. 

The series of bending magnets is now placed inside EEl. See 

Fig. 1. In order to maintain the beam acceptance, special bending magnets 

with 2.25-inch gaps will be used. The design of these magnets by Dave 

Eartly is essentially a modification of the standard 5-1.5-120 dipoles. 

Two additional coils are added to compensate for the wider gaps. 

The bending power is set to obtain essentially the same dispersion 

at Fl (0.70-inch/%) as in the earlier designs. Five 5-2.25-120 magnets 

are used with field 13.03 kG at 300-GeV. 

The cluster of magnets and collimators around the first focus fit 

in the northwest corner of the Experiment 87 pit (EE4). Thus with the 

new bending magnet locations only one new enclosure will be required 

for this facility. Starting 717-feet from the target a single long 

thin enclosure will contain the last quadrupole doublet and bending 

magnets, the tagging system and the experimental area. The first 138-feet 

of this enclosure is 5-feet wide. This is followed for the next go-feet 

by a lo-foot wide area to house the tagging system. Finally, a 130-foot 

long, 12-foot wide, section is the experimental area that meets the 

requirements of Experiment 25. 

The changes in the first stage of the beam propagated a number 

of changes in the last stage that have led to some improvement in beam 

quality and acceptance. In the earlier design there was some chromatic 

aberration at the final focus. Moving the first set of bending magnets 

made this a much more serious effect. By adding a dipole to the one 
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already in the region just following Fl, it was possible to raise the 

bending power at this point sufficiently to cancel chromatic aberration 

completely at the final focus. The first focus and subsequent field 

lens was moved up ll-feet so that the extra dipole would fit into the 

corner of the Experiment 87 pit. This in turn necessitated moving the 

second stage quadrupole doublet which was starting to cut into the 

acceptance. This doublet was moved up 25-feet so that it is now less 

of a limit on the acceptance than before, and the final focus was moved 

up shortening the nominal beam length by 14-feet to 995-feet. The result 

of this juggling of beam elements is a truly achromatic beam with about 

a 20% increase in acceptance as calculated by Monte Carlo. Losses in 

the last stage and the r/e ratio are,essenti.ally as before. 

IV. MODIFICATIONS TO THE BEAM OPTICS: EXPERIMENT 25 CONFIGURATION 

In order to be able to successfully veto the electromagnetic 

component in the measurement of the total hadronic photoproduction 

cross-section, it is necessary to maintain a beam spot of less than 

l-inch diameter over a distance of 120-feet from the experimental 

target. For this experiment the target will be located at 950-feet 

which is go-feet from the tagging target. The last quadrupole doublet 

is tuned to about 5% lower field by the condition of minimizing the 

beam spot from 950-feet to 1075-feet. The actual spot size is strongly 

dependent on the apparent source size at the primary target. This depends 

on the beam energy (lower energy means more multiple scattering in the 

radiator and a larger source) and the radiator location and thickness. 

At lOO-GeV and a .5 r.1. Pb radiator located at 75-feet, second order calcula- 

tions indicate that 90 - 95% of the beam falls within the required 

l-inch diameter. With the radiator at 28-feet virtually the whole beam 
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meets the requirement. The small fraction of the beam which is outside 

l-inch (mostly in the horizontal direction at 1075-feet) will be eliminated 

by limiting the width of the tagging target and by use of a veto shower 

counter as an active collimator just before the target. 

V. MODIFICATIONS TO THE BEAM OPTICS: POSSIBLE USE OF SEXTUPOLES 

We can improve the ?r/e background ratio Q 15% by using one 

sextupole to reduce second order effects and minimize the vertical 

beam size at Fl. A vertical collimator is located at Fl and the tighter 

it can be set around the electron spot the more of the pion halo will 

be eliminated. A 30-inch long by 4-inch diameter sextupole can be 

located at the beginning of EE4 (the Experiment 87 pit), a location 

which is sufficiently far from the focus and in a region of sufficiently 

large dispersion to be effective. A pole tip field strength of 5.6 kG 

and a location 404-feet from the target will reduce the vertical beam 

size at Fl from 0.226 to 0.188-inch. This 17% improvement will only 

be worthwhile if the pion background turns out to be a serious problem 

for a future experiment. The configuration has the effect of increasing 

the spot slightly at the experimental area, so that it will most likely 

not be used for the first experiment. 

An attempt was made to use sextupoles to help reduce the spot 

size over the length of the first experiment. The sextupole in the first 

stage was used along with two in the last stage (located in the middle 

of and immediately following the quadrupole doublet). Because the effect 

of the sextupoles goes in opposite directions for the various second 

order terms, it was not possible to significantly improve the minimum 

spot at the experiment. 
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Figure 3. Side View of Tagged Photon Beam Front End (Schematic) 


